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Teclmicaljield 
The invention relates to optical fibers (e g fiber amnKfi 

systemscontainingopticalfiber.(e.g fiberalJ; ""'^'"'""^^'^^ 

(e.g.. fiber amplifier systems and fiber laser systems) 

Certain optical fibere can be used as fiber «m«r« 

Raman fiber lasers can be used fnr . 
havmg a gain „edi™ wia, a„ active oateri/F ^ " OP""^' Sb^. 

-^R^Tj::!r:'':'^''^'^^«"^"'-^'--«.a.o..„ 

SummarY 

systems). ««5 (e.g., fiber amplifier systems and fiber laser 
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wavelength. The optical fiber fiiHi, • ^ """^ ""P'^S^'g thereon at a first 

first wavelength. TTie optical fiirth^.- ^^"^'""^""P^Sing thereon at a 

source and Ihe.optical fiber are m^fi ^ wavelength. The energy 
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reflectors. Tleft„rt.,rf,^i,„ " «^ 

e°°ixym|>iilgiiig 

In a Itater aspect, the taveiMiM feaure a fiber ™»™ , 
medimnmcladtag.j^^^ Thefct^ctiMlasag™, 

reflectsulKtaMiaavdlen.^ .. ^ config,«„„ 

«»»=co.-«flec,.rrc^^?T"*'"~°^^'«'°-'«»°P«-< fiber, an, 

"eqO'tapingingthe.eonatasecor , "''"'°*'""^*°-*'»P«My«fl«« 
^^n^^^JX^etrCrr*"^ '^••^"^re^Uct^.co^ 

In one aspect, the invention features a fiber «u 

incIudinga„opt.caJfiberi.vingNsectiori^e^ """'"^ 

g sections. The N sections are coupled together. At 
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anmtegerhaving.vataeofatleaattrw. ^ ■°«»°P''cal fiber. N is 

N«».b=.S,r««,p|.,3.4.5.6,7,8.9„r,o 

fteq»«.cyfora„ac<i,e^rt^i„,' _ •^'*'>''""'^ Stokes*!, 
The optical fiber can have an N* sfirhno 

at.wavelengthX.,„ whe,,,-!-, ., , ., °'"''^™™»a'™Pn>gmg thereon 
fi«,ue,.yf„rttL!r, , '""^(""^""'""-nStolesahift 

The Nth section of the ootical fiher i. 
^esecood refleetorc. beJ^Trr « "^"^ 

i/wacu m eaca of the remammg sections of the 
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waveJength^,^ where -Z'' ~*7/ 

fiber. ™'""™J'P««'fflgs«ti<m of the optical 

ff'''*=«^8^H»n.of,heop,iodfibercaih.v.two,e^ 
■""POS-lthetefa. One„f,h=,e£>«to,.disposedi«.«*„f,fc. J^^^ 

-<Nueo.,.r.a._,t;::j™^7rr^'^"^-- 

to another a,e favendon fea^ . 
^.«ora««..er^e.„).h3.i..^3.e..^l.I,tr^C^ 

in^theopticalflhT^ ^*'""'^''^'^»=^»"~-^"Up.ed 
bafuithera^theinveiitionfeatimsafiberfc., .fik. 

liTi. . ^^^^"^ the fij^ active materiaJ tk« 

arc configured so that energy propagating in the optical fiber at 
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leastabout55%ofapoweroftheL \ ^ ^ ^^velength is at 
wavelength '^""°'*^""^*-P«-'fi^--eivesatthatfi.t 



In another aspect, the invention features an 
fiber laser, that bcludes an ooHc.. fiK 7 ' '"'^ ' ^'"^ ampUfier or a 

sectionscanbe,forexampIe,3 4 5 6 7 8 o" ,n . Thenmnberof 

-^.»«.o««scc«.„of«^. ii-ea^i^c.^::: ^^^^^ 

least abouU^USZatfei^ « o ^ ^ Watts, at 

Incertainembodiments.theinventioncanprovideaRan«mffl,^. u ■ 

I. «>m. embodiments. 0,= toventf» can provide . Rama, aw w „ 
-ve.ea^e„e.^^.^3.^^^,^ 

^«^,|oe.e^ex,-,i„,«.^^^^___^^^^^^^ 
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ITie Raman fiber lasere can provide -fcese properties when the Hiff««. u 
tbe pump enerey and the O..W the difference between 

P P^°^^^«'^°»lP«tenergy,sanyvaIue(e.g..relativeIyamaUorrefe^^^^^ 
ia^e, ^--embodiments. thediffe^ncebetweenthepumpenlnyJ^^^ 
en^canbere,atively,arge(e...atleasta^^ 

least about 500 cm-^at least about 1.000 cm-^ at least about U50c„.-.!r:^ 
UOOcm^atleastabout,750cm^atleastabout2.oZr" 

^^n«nbodiments.tbefibe.ca„beusedasa^^^^^ 

Features, objects and advantages ofthe invention arc in the descriotion H 
and claims. ™ aescnphon, drawings. 

Description nf r>ro..^np^ 
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^ Jig. 7 is a sch^, 

n 

Detailed DesrripHon 

<)pti<!alffljerll0aii(l8las«120 La»^nn;. « . "Kiuamgan 

optical fiber no TOspUcedlogrther at region 150. ™I40of 

Hgs. 2A and 3 are cross-sectioaal views of sections 130 mi 140 i 
ofopacalfiBerllO. As sho™ in pi,. "Oh-s.^I^Z'JZ^; 
an active material a cJadrf.na 9^/1/.= memum 210 containing 

7'''''^*^2220(e.g..afusedsilicalayer)andanadditionalfa^ 
(e.g., apolymer layer). As shown in Fig 2B section l4n 1, • "J^^^O 

^^0^ 140 has a gam medimn 215 

iayer235(.g...po,;»er.ay„,,A,.l„.^«^^^3^,^^^^- 
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optical fiber 110, other designs of appropriate optical fibers are knovm to those skilled in . 
the art and are contemplated. 

Referring to Fig. 1, optical fiber 1 10 also includes a first pair of reflectors 160 and 
170 (e.g., a pair of fiber Bragg gratings), and a second pair of reflectors 180 and 190 
(e.g., a pair of fiber Bragg gratings). Reflectors 160 and 170 are designed to reflect 
substantially all (e.g., about 100%) energy impinging thereon at a wavelength where 
Xjj-i= Xp"' - V'. (cAr) is flie Raman Stokes shift firequency for the active material in gain 
medium 210,.andc is the speed of light 

Reflector 180 is designed to reflect substantially aU (e.g., about 100%) oiergy 
impinging thereon at wavelength X,,., and reflector 190 is designed to reflect a portion 
(e.g.. less than about 98%, less than about 95%, less than about 90%, less than about 
80%, less than about 70%, less than 60%, less than about 50%, less than about 40%. less 
than about 30%, less than about 20%, less than about 10%) of energy unpinging thereon 
at wavelength?^,., where 3Wr-' = X„:' - V' and (cA^) is the Raman Stokes shift frequency 
for the active material in gain medium 215. 

Section 130 of optical fiber 110 finther includes a reflector 310 (e.g., a fiber 
Bragg grating). Reflector 310 isdesigned to reflect substantially all (e.g., about 100%) 
energy propagating in section 130 at ^ which reduces (e.g., eliminates) the propagation . 
of energy atX,, in section 140 of fiber 110. 

Section 130 of optical fiber 1 10 also includes a suppressor 410. Suppressor 410 is 
designed to suppress the formation of higher order Raman Stokes shifts for the active 
material in section 130 of fiber 1 1 0 (e.g., one or more of Xa, Xs3, l^. etc.). 

With feis arrangemrait, as energy at wavelength enters optical fiber 1 10, the 
energy propagates through section 130 until it impinges upon reflector 310, where it is 
reflected and propagates through section 130 in the reverse direction so that substantially 
no energy at wavelength Xp enters section 140 of fiber 110. Reflector 310 can increase 
the amount of energy at Xsi propagating in fiber 1 10 (relative to an otherwise 
substantially similar system without reflector 3 10) by increasing the effective optical 
length of energy at in section 130 of fiber 1 10, which, in turn, can mcrease the amount 
of energy atX^r propagating in section 140 of fiber 1 10 (see discussion below). Reflector 
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310 can also decrease the fomation of energy at wavelength A„, where V' = V' * " 
(see discussion below). 

As energy at wavelength Xp propagates through section 1 30 in the forward and 
reverse directions, it creates energy at wavelength X^i . Energy at wavelength A,i 
propagates through sections 130 and 140 until it reaches reflector 170 where it is 
reflected by reflector 170. Energy at wavelength X,i then propagates through sections 
140 and 130 in flie reverse direction until it reaches reflector 160 where it is reflected 
forward through sections 130 and 140. Energy at wavelength K\ continues to propagate 
in fiber 110 to the forward and in reverse'i^ections between reflectors 160 and 170. 

As energy at wavelength Xsi propagates through section 130 of fiber 1 10, it can 
impinge upon suppressor 410. which reduces (e.g., substantially elimmates) the transfer 
of energy at wavelength 3Wi to energy at wavelength ha (and/or energy at higher order 
Raman Stokes shifts for the active material in gain medium 210). In some embodiments, 
suppressor 410 is a long period gratings (LPG) having a resonance frequency of (cA^), 
where Xa'^= A«r* - V'- The LPG can couple energy at wayelmgdi "Ka that impinges 
thereon out of g^n medium 210 and into cladding 220. Cladding 220 can be formed of a 
materid ^.^^fvised sUica) that dissipates energy at X,2 relatively quicWy. This can 
suppress the power of wave \a pn^agating in fib« 110. which correspondingly can 
suppress the formation of energy at higher order Raman Stokes shifts propagating in fiber 
1 10. The suppression of higher order Raman Stokes shift(s) can result in fiber 1 10 
having a higher power of wave X,, propagating therein relative to a substantially similar 
system without suppressor 410. TTus. in turn, can increase the amount of energy at 
propagating in section 140 of fiber 1 10 (see discussion below). 

As energy at wavelength Xs, propagates through section 140 of fiber 1 10, it 
creates energy at wavelength X,,.. Energy at wavelength X,r propagating in section 140m 
the reverae direction is reflected by reflector 180 and then propagates through section 140 
in the forward direction. Energy at wavelength A,,, propagating through section 140 in 
the forward direction impinges on reflector 190. Some of the energy at wavelength 
impinging on reflector 190 is reflected by reflector 190 and thra propagates througji 
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section 140 in the reverse direction, and some of the energy at wavelength Xsi* impingirig ' 
on reflector 190 passes through reflector 190 and exits fiber 110. 

. . Optical fiber 1 1 0 can convert energy entering fiber 1 1 0 at wavelength Xp to energy 
exiting fiber 1 10 at wavelength Xsv with relatively high efficiency. In certain 
€imbodiments, fiber 110 can convert at least about 35% (e.g., at least about 40%, at least 
about 45%. at least about 50%, at least about 55%, at least about 60%, at least about 65%, 
at least about 70%, at least about 75%, at least about 80%, at least about 85%, at least 
about 90%, at least about 95%, at least about 98%) of the energy entering fibo- 110 at 
wavelength 7^ to energy exiting fiber 1 10 at wavelength Xsr. 

Optical fiber 1 10 can convert ener^ entermg fiber 1 10 at wavelength Xp to energy 
exitmg fiber 1 10 at wavelengths other than Xsi* with relatively low efficiency. In certain 
embodiments, fiber 1 10 can convert at most about 45% (e.g.. at most about 40%, at most 
about 35%, at most about 30%, at most about 25%, at most about 20%, at most about 
15%, at most about 10%. at most about 5%, at most about 2%) of the energy entering 
fiber 1 10 at wavelength Xp to energy exiting fiber 1 10 at wavelengths other than hv. 

Without wishing to be bound by theory, it is believed that these characteristics of 
fiber 110 can be explained using the following system of nonlinear differential equations. 



The indices * and ' rq)resent propagation in fiber 1 10 fix»m left to right and from 
right to left, respectively. 7,,/^, , and /^^ represent the intensities of energy 
propagating in fiber 110 at wavelengths V ^« ^i'' respectively, oj^ ori and ay are 
the loss coefficients of energy propagating in fiber 1 10 at wavelengths Xp, Xji and X,!-, 
respectively, due to, for example, imperfections, scattering and/or ^Hcing in fibw 110. 
gp, g\ and gv are tiie Raman gain coefiScients, respectively, of energy propagating in fiber 
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1 10 at wavelengths Xs\ and Xsis respectively, due to power gain via stimulated Raman 
scattering (SRS). g'\ is the Raman gain coefficient for flie transfer of energy fiom to 
Xsi'. g'\ - (\5i'/^i)(Asi*/AsiX?r)» where Aa is the effective area of the mode at 
wavelengfli Xsz. 

It is believed Uiat for fib^ 1 10 the second equation noted above can be decoupled 
into two systems of equations, with each system of equation being without a g'l tetm. 

The first syston of equations, which is believed to describe the propagation of 
energy in section 130 of fiber 1 10, can be written as: 



§^=^.4x(/;./;)-«,/i=-^. 

The second system of equations, which is believed to describe the propagation of 
energy in section 140 of fiber 110, can be written as: 



Appropriate boundary conditions for a wave Ijsi at splice point ISO are believed to 

be:. 

and;;.=74.. 



Figs. 3A-3C are graphs of the calculated (based on the above-noted equations) 
energy distribution at wavelengths Xp, Xsi and Xjr, respectively, for fiber 1 10 in which 
section 130 is 100 meters long and tfie active material in the gain medium of section 130 
is Ge02, and in which section 140 is 20 meters long and the active material m the gain 
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medium of section 140 is P2O5. Reflectors 160 and 170 reflect 100% of energy 
impinging thereon at wavelength Xsi. Reflector 180 reflects 100% of energy impinging 
thereon at wavelength Xsr, and reflector 190 reflects about 80% of energy impmging 
thereon at wavelength Xsr. The power at wavelength Ap is 3 Watts upon entering optical 
fiber 1 10. Reflectors 180 and 310 are disposed immediately adjacent point 150. 

Fig. 3 A shows that the power of Xp decreases as it propagates across section 130 
firom a value of three Watts upon entering fiber 1 10 to a value of about 0.5 Watt at point 
150. The pawer of Xp continues to decre^e as it propagates in the reverse direction firom 
point 150, reaching a value of about 0.1 Watt at the end of fiber 1 10 where the pump 
energy enters fiber 110. - 

Fig. 3B shows that the power of Xgi increases as it propagates in the forward 
direction across section 130, starting at a value of about 2,3 Watts at the point where the 
pump energy enters fiber 1 10 and obtaining a value of about 3.5 Watts at point 150. The 
power of Xsi increases as it propagates in the reverse direction, starting at a value of about 
0.4 Watts at point 150 and obtaining a value of about 2.3 Watts at the point where the 
pump energy enters fiber 1 10. . 

A portion of the energy at wavelength Xsi propagating in section 140 in both the 
forward and reverse directions is transferred to energy at wavelength Xsis As a result, the 
power of Xsidecreases as energy at wavelength X,i propagates in both the forward and 
reverse directions through section 140 (Figs. 3B and 3C). 

Fig. 3C shows that the power of Xsr increases as it propagates in the forward 
direction across section 140 &om a value of about 10.8 Watts at point 150 to a value of 
about 12 Watts at the end of fiber 1 10. The power of Xsi' increases as it propagates across 
section 140 firom a value of about 9.6 Watts at the end of fiber 1 10 to a value of about 
10.8 Watts at pomt ISO. 

Fig. 4 shows an embodiment of a Raman fiber laser system 400 in which reflector 
3 1 0 is not present in optical fiber 110. Eliminating reflector 310 may be desirable, for 
example, when the power of wave Xp is sufficiently low enough at point ISO that the 
amount of energy created at Xg does not substantially interfere with the desired 
performance of the system. 
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Fig. 5 shows an embodiment of a Raman fiber laser system 500 in which 
suppressor 410 is not present in optical fiber 110. Eliminating suppressor 410 may be 
desirable, for example, when the power of wave X^i is sufficiently low mough in section 
130 of fiber 1 10 that the amount of energy created at 7^2 (and/or energy at higher order 
Raman Stokes shifts for the active material in gain medium 210) does not substantially 
interfere with the desired performance of the system. 

Fig. 6 shows an embodiment of a Raman fiber laser system 600 in which neither 
reflector nor suppressor 4 1 0 are present in optical fiber 110, 

Fig. 7 shows an embodiment of a Raman fiber laser system 700 that inchides a . 
suppressor 710 in section 140 of optical fiber 1 10. Suppressor 710 is designed to 
suppress the formation of energy at higher order Raman Stokes shifts for the active 
material in gain medium 215 (e.g., energy at one or more of Xs2S etc.). 
Suppressor 71 0 can be, for example, an LPG having its resonance firequency at (cAs20» 
where Xst hv^ - V*. The presence of suppressor 710 in section 140 may be 
desirable, for example, when the power of wave Isv in section.140 is sufiBciently high 
that the power of wave Xsr (and/or energy at higher order Raman Stokes shifts for the 
active material in gain medium 215) that would form in section 140 in the absence of . 
suppressor 710 would substantially interfere with the desired performance of the system. 
.System. 700 can optionally include reflector 310 and/or suppressor 410. 

While the systems represented in Figs. 1 and 3-7 have shown reflectors and/or 
suppressor(s) having particular locations within optical fiber 1 10, it is to be understood 
that these components can have different locations (relative locations and/or absolute 
locations) within fiber 110. For example, the relative positions of reflectors 170 and 190 
can be reversed. As another example, reflector 3 10 can be located in section 140 of fiber 
1 10. As an additional example, reflector 180 can be disposed in section 130 of optical 
•fiber 1 10 (e.g., to the right or left of point 150), and/or reflectors 170 and/190 can be 
diq)osed to the right of section 140 (e.g., in another section of fiber spliced to the right of 
section 140 of fiber 1 10). Combinations of these configurations can be used. Other 
locations of reflectors and/or suppressor(s) in fiber 1 10 are also contemplated 
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Fig. 8 shows an embodiment of a Raman fiber laser system 800 having an optical 
fiber 810. Optical fiber 810 has a first section 130 having a gain medium containing an 
active material^ and a second section 140 having a gain medium containing an active 
material that can be different than the active material contained in the gain medium of 
section 130, and a third section 820 having a gain medium containing an active material 
that can be different than the active material contained in the gain medium of section 140. 
The active material in the gain medium of section 820 of fiber 810 can be the same as or 
differ^t than the active material in the gain medium of section 130 of fiber 810. 
Sections 1 40 and 820 are spliced toge&er at region 850. 

Optical fiber 810 includes pairs of reflectors 160 and 170, 180 and 195, and also . 
includes a pair of reflectors 830 and 840 (e.g., a pair of fiber Bragg gratings). Reflector 
195 (e.g., a fiber Bragg grating) is designed to reflect substantially all (e.g., about 100%) 
energy at Xsr. Reflector 830 is designed to reflect substa^tially all (e.g., about 100%) . 
energy at wavelength and reflector 840 is designed to reflect a portion (e.g., less than 
about 98%, less than about 95%, less than about 90%, less than about 80%, less than 
about 70%, less than 60%, less than about 50%, less than about 40%, less than about 
30%, less than about 20%, less than about 10%) of energy at wavelength Xsi", v^^ere Xsr'' 
= Xs,rV- Xf''^ and (cAt") is the Raman Stokes frequency shift for the active material in the 
gain medium section 820 of fiber 810. 

With this arrangement, as energy at \ enters optical fiber 810, the energy 
propagates through section 130 and creates energy at wavelength Xsi* Energy at Xsi then 
propagates through sections 130 and 140 in the forward direction until it reaches reflector 
1 70 where it is reflected backward through sections 140 and 130. Energy at Xsi then 
propagates through sections 140 and 130 in the reverse direction until it reaches reflector 
1 60 wdiere it is reflected forward through sections 130 and 140. Energy, at continues 
to propagate in fiber 810 in the forward and reverse directions between reflectors 160 and 
170. - 

As energy at propagates througji section 140 of fiber 810, it creates energy at 
wavelength Xsr. Energy at X^v then propagates through sections. 140 and 820 in the 
forward direction until it reaches reflector 195 where it is reflected backward through 
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sections 820 and 140. Energy at XsV then propagates through sections 820 and 140 in the 
reverse direction until it reaches reflector 180 where it is reflected forward through 
sections 140 and 820. Energy at Xsv continues to propagate in fiber 810 m the forward 
and reverse directions between reflectors 180 and 195. 

As energy at Xsv propagates through section 820 of fiber 610; it creates energy at 
wavelength Energy at wavelength Xsi" propagating in section 820 in the reverse 
direction is reflected by reflector 830 and then propagates through section 820 in the 
forward direction. Energy at wavelength Xsi" propagating through section 820 in the 
forward direction impiriges on reflector 840. Some of the energy at wavelength X^r 
impinging on reflector 840 is reflected by Reflector 840 and then propagates through 
section 820 in the reverse direction, and some of the energy at wavelength X^r impinging 
on reflector 840 passes through reflector 840 and exits fiber 810. 

Fig. 9 shows a Raman fiber laser system 900 that includes reflector 310 in section . 
130 of fiber 810. Fig. 10 shows a Raman fiber laser system 1000 that includes a 
suppressor 410 in section 130 of fiber 810. Fig. 1 1 shows a Raman fiber laser system 
1100 that includes a suppressor 11 10 in section 140of fiber 810. Suppressor lllOcan 
be, for-example,.mXPG with a resonance firequency of (c/XsiO- Fig. 12 shows a Raman 
fiberiaser system 1200 having suppressors 410 and 1110, and reflector 310. 

Fig. 13 shows an embodiment of a Raman fiber laser system 1300 that mcludes a 
suppressor 1310 in section 820 of optical fiber 1 10. Suppressor 1310 is desijgned to 
suppress the foraiation of energy at higher order Raman Stokes shifts (e.g., one or more 
of Xs2", 3^3", >«4'S etc.). Suppressor 1310 can be, for example, an LPG having its 
resonance frequency at (cA^«), where X,r^ = hv'^ - V*^ The presence of suppressor 
13 10 in section 820 may be desirable, for example, when the power of wave Xsv in 
.section 820 is sufficiently high that the power of wave Xs2" (and/or energy at higher order 
Raman Stokes shifts for the active material in the gain medium of section 820 of fiber 
8 1 0) that would form in section 820 in tiie absence of suppressor 1 3 10 would 
substantially interfere with the desured performance of the system. System 1300 can 
optionally irictode reflector 310, suppressor 410 and/or suppressor 1110. 
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. While Figs. 8-13 show the reflectors and/or 5iq)pressoi(s) having particular 
locations within optical fiber 810, it is to be understood that fliese components can have 
different locations (relative locations and/or absolute locations) within fiber 810. For 
example, the relative positions of reflectory 1 9S and 840 can be reversed. As another 
. example, reflector 310 can be located m section 140 of fiber 810. As an additional 
example, reflector 170 can be disposed in section 820 of fiber 810. As a further example, 
reflector 180 can be disposed in section 130 of fiber 810. Combinations of these 
configurations can be used. Other locations of these components in fiber 8 1 0 are also 
contemplated. 

While embodiments have been shown in which sections 130, 140 and 820 are 
spliced together, the invention is not limited in this sense. Generally, sections 130, 140 
and/or 820 are spliced together if they are formed of dififerent materials. When sections 
130, 140 and 820 are formed of the same materials, splicing is not required. 

While Raman fiber lasers and Raman fiber laser systems having an optical fiber 
with two or three sections have been described, the invention is not limited to these 
systems. In general, an optical fiber can have N sections, where N is an integer (e.g., 2, 
3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, etc.). 

Moreover, while Raman fiber lasers and Raman fiber laser systems have been 
described with particular arrangements of active material in their respective gain niedia, 
other arrangements are also possible. In general, each section of the optical fiber can 
have a gain medium with an active material which can be the same or different than the . 
active material in the gain medium of the neighboring section(s) of the fiber. In some 
embodimCTts, all sections of the optical fiber have a gain medium with the same active 
material. In certain embodiments, each section of the optical fiber has a gain mediimi 
with a different active material than the active material in the gain medium of the other 
sections. In some embodiments, the active material in the gain medium of neighboring 
sections can alternate. For example, a three-section optical fiber can be formed in which 
the active material in the gain medium of die first and third sections is the same, and in 
which the active material in the gain medium in the middle section is different Other 
arrangements are cont^plated 
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Furtbennore, while Raman fib^ lasers and Raman fiber laser systems have been 
described in which sections of the optical fiber are spliced together, the invention is not 
limited in this sense. GeDcrally, the sections of fiber are coupled together so that energy 
can propagate therebetween. Typically, the sections of fiber are contiguous. For 
example, in some embodiments, two neighboring sections of the optical fiber can have an 
mterferometric connection. In certain embodiments, two neighboring sections of the 
optical fiber can be connected by a lens (eig., a Green lens). 

A typical design of a Raman fiberjaser having N sections of optical fiber is as 
follows. The section of fiber closest to where the pump energy at wavelength Xp enters 
the fiber has a reflector designed to reflectsubstantially all (e.g., about 100%) energy at 

. The section of fiber furthest (the N*^ section of the fiber) from where the pump 
energy Xp enters the fiber has three reflectors. One reflector is designed to partially 
reflect energy at Xs\n (i.e., the desired wavelength of energy created by the system in the 

section of the fiber), where 'ksin^ = Xsi(n-i)"^ - , ^i(n-i) is the desired wavelength of 
energy created by the system in the (N-1)* section of the fiber, and (cA^) is the Raman 
Stokes shift fi:equency for the active material in tiie section of the fiber. Another 
. —reflectorin section N is designed to reflect substantially all (e.g., about 100%) ener^ 
propagating in the N^** section at T^sw- The other reflector in section N is designed to 
reflect substantially all (e.g., about 100%) energy propagating in the section at Xsi(n-i) 
(i.e., the desired wavelength of energy created by the system in the (N-1)^ section of the 
fiber), where Xs\(n^\)^ = Asi(n-2)"' - Vn-i}"^ » ^i(n-2) is the desired wavelength of eneigy 
created by the system in the (N-2)* section of the fiber, and (cA^n-i)) is the Raman Stokes 
shift frequency for the active material in the (N-1)* section of the fiber. 

For any remaining sections of fiber (generically referired to as the M* section of • 
fiber, \rfiere M is an integer greater than one and less than N), each section has two 
reflectors. One reflector is designed to reflect substantially all (e.g., about 100%) energy 
propagating in the M* section at wavelength Xsim (i e., the desired wdvelength of energy 
created by the system in flie M* section of the fiber), where X«im'* ^Um-i)'' - W\ ^i(nv 
i) is the desired wavelength of energy created by the system in the (M-1)* section of the 
fiber, and {cfK^ is the Raman Stokes shift firequency for the active material in the M* 
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secnon oi mc uoer. ine oiner reiiecior is aesi^eu lu rcxicci buu^jimiuauy aii ^e.g., aooui 
100%) energy propagating in the section at wavelength XsUm-i) (i-e., the desired 
wavelength of energy created by the system in the (M-1)*^ section of the fiber), where 
^i(nM)*' = ^Mm-i)^ - ^Knv2) IS the dcsired wavelength of energy, created by the 

system in the (M-2)*^ section of the fiber and (cA^nhJ)) is the Raman Stokes shift 
fi:equency for the active material in the (M- 1 )* section of the fiber. 

Each section of fiber can optionally include a suppressor (e.g., an LPG with a 
resonance firequency corresponding to energy at an undesired higher order Raman Stokes 
shift energy)r 

The system can optionally include a reflector designed to reflect substantially all 
(e.g., about 100%) energy impinging thaeon at wavelength Xp. 

While certain embodiments of a Raman fiber laser having N sections of optical 
fiber have been described, it is to be understood that the invention is not limited to these, 
embodiments. For example, the relative positioning of the reflectors and/or suppressor(s) 
can be modified (e.g., in a similar manner to that noted above). Other embodiments are 
also contemplated. 

Generally, an optical fiber having N sections can convert aiergy entering the 
optical.fiber.at.a particular wavelength (e.g., Xp) to energy exiting the optical fiber at a 
dififerent (e.g., wavelength X^u, vAere X^m is the desired wavelength of energy created by 
the system in the section of the fiber) with relatively high eflBciency. In certain 
embodiments, &her 1 10 can cqnvert at least about 55% (e.g., at least about 60%, at least 
about 65%, at least aboMt 70%, at least about 75%, at least about 80%, at least about 85%, 
at least about 90%, at least about 95%, at least about 98%) of the energy entmng fiber 
1 10 at one wavelength (e.g., X^) to energy exiting fiber 1 10 at a different wavelength 
(e.g., Xsin). 

Optical fiber 110 can convert energy entering fiber 1 10 at a particular wavelength 
(e,g., Xp) to energy exiting fiber 1 10 at wavelengths other than a desired ou^ut 
wavelength (e.g., at wavelengths other than X^in) with relatively low eflBciency. In certain 
embodiments, fiber 1 10 can convert at most about 45% (e.g., at most about 40%, at most 
about 35%, at most about 30%, at most about 2.5%, at most about 20%, at most about 
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15%, at most about 10%. at most about 5%. at most about 2%) of the energy entering 
fiber' 1 10 at a particular wavelength Ov) to energy exiting fiber 1 10 at wavelengths other 
than a desired wavelength (e.g., Xsin)- 

While certain embodiments have been described, the invention is not limited to 
these embodiments. For example, one or more sections of an optical fiber can be 
substantially devoid of a gain medium having an active material. As a fiirther example, 
thereflectorsneednotbeintheformoffiberBragggratings. For example, one or more 

of the reflectors can be a loop mirror, or one or more reflectors can be in the fomi of a 
coated mirror (e.g.. a coated mirror at one or both ends of a section of optical fiber). As 

another example. thesuppressor(s) need nofcbe in the form of LPG(s). For example, one 
or more of «ie si^pressors can be in the fomi of gratings (e.g., short period gratings) that 
are substantially nonperpendicular to the length of flie fiber along which energy 
propagates. Ir. these embodiments, the angle and/or period of the gratings canbe selected 
to scatter one or more wavelengths of interest (e.g.. one or more higher order Raman 
Stokes shift wavelengths). As an additional example, tiie type of laser used for pumpmg 
can be varied. Examples of lasers that can be used include semiconductor diode lasers 
(e.g highpower semiconductor diode lasers), double clad doped fiber lasers. 
conJentional free space coupled lasers, and tiie like. As another example, various types 
of optical fibers can be used, including, for example, double clad optical fibers and 
polarization maintaining optical fibers. Furthermore, the optical fibers can be formed of. 
for example, silica based materials (e.g.. fiised siUca based) or fhioride-based materials. 
As yet another example, the relative and/or absolute lengths of one or more of the 
sections oftiie optical fiber can be varied based upon the intended use of tiieRaman fiber 

laser. , 

Moreover, while the fibers and systems have been described as Raman fiber lasers 

and Raman fiber laser systems, tiiose skilled in tiie art wiU appreciate tiuit the general 

concepts described can be extended to provide amplifiers and amplifier systems. 

GeneraUy. a fiber amplifier provides gain for energy at a wavelength of interest without 

the use of a lasing cavity (e.g., without a resonator) or witia an optical cavity operating 

below lasingtiireshold. Fig. Uisaschematicviewof an embodiment of a fiber 
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amplilier system 14UU inwmcii nber liuu isused as a signal ampnner. Moer laou 
contains multiple sections (e.g.. as described above but having at least one section, such 
as the section adjacent the signal output, operating below lasing threshold). To operate at 
below lasing threshold, for example, one or more of the reflectors can be removed fiom 
fiber 1500 and/or the reflectivity of one or more of the reflectors can be reduced. An 
input signal entere system 1400 via fiber 1 101. Energy source 1201 emits a pump signal 
1301. The input signal in fiber 1 101 and pump signal 1301 are coupled into fiber 1500 
via coupler 1401. Such couplers are known to those skilled m the art Pump signal 1301 
interacts wiA the active material(s) in the^sections of fiber 1500. and the input signal is 
amplified. A device 1900 (e.g.. an isolator) separates the amplified mput signal fiom the 
Stokes shiftedpump signal so that the Stokes shifted pump signal travels along fiber 
1800.andtheamplifiedinputsignaltravelsalongfiberl950. While Fig. 14 shows one 
emb<idiment of fiber 1500 in a fiber amplifier system, other fiber ampUfier systems in 
which fiber. 1 500 can be used wiU be apparent to those of skill in the art 

Oflier embodiments are in the claims. 

What is claimed is: 
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Claims 

1 . A fiber, comprising: 

an optical fiber having a first section and a second section coupled to the 
first section, the first section having a gain medium including a first active material and 
the second section having a gain medium including a second active material; 

a first reflector disposed in the first section of tiie optical fiber, the first 
reflector being configured to reflect substantially all energy impinging thereon at a first 
wavelength; and 

a second reflector disposed in the optical fiber outside tiie first section of 
tiie optical fiber, tiie second reflector being configured to reflect substantially all eiiergy 
impinging thereon at the fnst wavelength. 

2. The fiber of claim 1, wherein the first active material is the same as tiie 
second active material. 

3^ TheJfiber of claim 1, wherein the first active material is different than the 
second active-material. 

4. The fiber of claim 1, wherein the first and second sections are spliced 
toge&er. 

5. The fiber ofclaim 4, wherein the first reflector comprises a fiber Bragg 
grating. 

6. The fiber ofclaim 3, wherein the second reflector comprises a fiber Bragg 
grating. 

7. The fiber ofclaim 6, wherein tiie first active material comprises Ge02. 
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8. The fiber of claim 7, wherein the second active material comprises P2O5. 

9. The fiber of claim 1, wherein the second reflector comprises a fiber Bragg 
grating. 

10. The fiber of claim 1, wherein the first active material comprises GeOa. 

1 L The fiber of claim 10, wharein the second active material comprises P2O5. 

12. The fiber of claim 1, wherein the first active material tomprises P2O5. 

13. The fiber of claim 1, fiirther comprising a third reflector disposed in the 
optical fiber. 

14. The fiber of claim 13, wherein the third reflector comprises a fiber Bragg 

grating. 

15. The fiber of claim 13, wherein the third reflector is disposed outside tiie 
first section of the optical fiber. 

1 6. The fiber of claim 1 5, wherem the tiiird reflector is between the first and 
second reflectors. 

17. The fiber of claim 13, wherein the third reflector is configured to partially 
reflect energy impingmg tiiereon at a second wavelength different than the first 
wavelength. 

18. The fiber of claim 13, wherein the first and second sections are spliced 
togeflier. 
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19. The fiber of claim 13, further comprising a fourth reflector disposed in the 
optical fiber. 

20. The fiber of claim 1 9, wherein the fourth reflector comprises a fiber Bragg 
grating. 

21. The fiber of claim 19, wherem the fourth reflector is disposed outside the 
first section of the optical fiber: 

22. The fiber of claim 21 , wherein the fourth reflector is between the first and 
third reflectors, 

23. The fiber of claim 19, wherein the fourth reflector is configured to reflect 
substantially all energy impinging thereon at the second wavelength. 

24. The fiber of claim 19. wherein the fourth reflector is disposed in the first 
section of the optical fiber. 

25. The fiber of claim 19, wherem the first and second sections are qpliced 
together. 

26. The fibCT of claim 19, fiirther comprising a fifth reflector disposed in the 
optical fiber. 

27. The fiber of claim 26, wherein the fiftti reflector comprises a fiber Bragg 
grating. 

28. The fiber of claim 26, wherein the fifth reflector is disposed in flie first 
section of the optical fiben 
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29. The fiber of claim 28. wherein the fifth reflector is betwe«ai the first and 
fourth reflectors. 

30. The fiber of claim 26, wherein the fifth reflector is configured to reflect 
substantially all energy impinging thereon at a second wavelength different than the first 
wavelength 

31. The fiber of claim 26. wherein the first and second sections are spUced 
together. 

32. The fiber of claim 26. fiirthw comprising a suppressor disposed in the 
optical fiber, the suppressor bring capable of substantially suppressing the propagatioii of 
energy withm the optical fiber at a wavelength corresponding to a higher order Raman 
shift wavelength than the first wavelength. 

33. The fiber of claim 32, wherein the suppressor is disposed in the first 
section of the optical fiber, 

34. The fiber ofclaim 33, wherein the suppressor is between the first and fifth 
reflectors. 

- - • • 35. The fiber of claim 32. wherein the suppressor comprises long period 
gratings. 

36. The fiber of claim 32. wherein the first and second sections are spliced 
• together. 

37. The fiber of claim 32, wherein the first active material comprises GeOj. 



38. 



The fiber of claim 38. wherein the second active material comprises P2O5. 
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39. The fiber of claim 32, wherein the second active material comprises P2O5. 

. 40. The fiber of claim 1, fiirther comprising a third reflector disposed in fte 
first section of the optical fiber and between the first and second reflectors, the third 
reflector being configured to reflect substantially all energy impinging thereon at a 
second wavelength different than the first wavelength. 

41 . "The fiber of claim 1. fiffther comprising a suppressor disposed m the first 
section of the optical fiber and between the first and second reflectors, the suppressor 
being-capable of substantiaUy suppressing flie propagation of energy, within the optical 
fiber at a wavelength corresponding to a higher order Raman shift wavelength than the 
first wavelength. 

42. The fiber of claim 41. wherein the suppressor comprises long period 
gratings. 

43. The fiber of claim 1, wherein the first and second sections of the optical 
fiber are contiguous. • • 

44. The fiber of any of the preceding claims, wherem the fiber is configured to 
be a fiber laser. - 

45. The fiber of any of claims M3, wherein the fiber is configured to be a 
fiber amplifier. 

46. A system, comprising: 

an energy source capable of emitting energy at a pump wavelength; and 

a fiber, comprising: 
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an optical fiber having a first section and a second section coupled to the 
first section; the first section having a gain medium includmg a first active material and 
the second section having a gain medium including a second active material; 

a first reflector disposed in the first section of the optical fiber, the 
first reflector being substantially totally reflective at a first wavelength; and 

a second reflector disposed in the optical fiber outside the first 
section of the optical fiber, the second reflector being substantiaUy totally reflective at a 
second wavelength, 

wherem the energy source and the optical fiber are configured so that energy at 
the pump wavelength emitted by the energx^source can be coupled mto the optical fiber. 

47. The system of claim 46, wherein the energy source comprises a laser. 

48* The system of claim 47, wherein the energy sources is capable of lasing at 
the pump wavelength. 

49 . The system of claim 46, wherein the first material is the same as the 
second material. 

50. The system of claim 46,.wherein the first active material is different than 
the second active material. 

51 . The system of any of claims 46-50, wherem the fiber is configured to be a 
fiber laser. 

52. The system of any of claims 46-50, wherein the fiber is configured to be a 
fiber amplifier. 

53. A fiber, comprising: 
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an optical fiber having a first section and a second section spliced to the 
first section, the first section having a gain medium including a first active material and 
the second section having a gain medium including a second active material different 
than the first active material; 

a first reflector disposed in the first section of the optical fiber, the first 
reflector being configured to reflect substantially all energy impinging thereon at a first 
wavelength; • • 

a second reflector disposed in the second section of the optical fiber, the 
second reflector being configured to reflect substantiaUy aU energy impinging thereon at 

the first wavelength; ,^ 

a third reflector disposed in flie second section of the optical fiber, the 
third reflector being configured to partially reflect energy impinging thereon at a second 
wavelength diflFerent than fbs first wavelength; and 

a fourth reflector disposed in the second section of the optical fiber and 
between the first and third reflectors, the fourth reflector being configured to reflect 
substantially all energy impinging thereon at the second wavelength. 

54. The fiber of claim 53, fiirther comprising a fifth reflector in the first 
section of the optical fiber and between the first and fourth reflectors, the fifth reflector 
being die third reflector being configured to reflect substantially all energy impinging 
thereon at a third wavelength different than the first and second wavelengths. 

55. .The fiber of claim 54, further comprising a suppressor in the first section 
of the optical fiber and between the first and fifth reflectors, the suppressor being capable 
of substantially suppressing the propagation of energy within the optical fiber at a 
wavelength corresponding to a higher order Raman shift wavelength than the first 
wavelength. 

56. The fiber of claim 55, wherein the first active material, comprises P2O5. 
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57. The fiber of claim 55, wherein the first active material comprises Ge02. 

58. The fiber of claim 57, ^orein the second active material comprises P2O5. 

59. The fiber of claim 58, wherein the first and second sections of the optical 
fiber are spliced together. 

60. The fiber of claim 58, wherein the first and second sections of the optical 
fiber are contiguous, 

61 . The fiber of claim 53, further comprising a suppressor in the first section 
of the optical fiber and between the first and fifth reflectors, the suppressor being capable 
of substantially suppressing the propagation of energy within the optical fiber at a 
wavelength corresponding to a higher order Raman shift wavelength than the first 
wavelength. 

62. . .Thefiber.ofclaim 53, wherein the first active material comprises Ge02. 

63. The fiber of claim 62, wherein, the second active material comprises P2O5. 

64. The fiber of claim 53, wherein the first active material comprises P2O5. 

65. The fiber of claim 64, wherein the second active material comprises Ge02. 

66. The fiber of claim 53, wherein the first and second sections of the optical 
fiber are spliced together. 

67. The fiber of claun 53,wherem the first and second sections of the optical 
fiber are contiguous. 
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68. The system of any of claims 53-67, wherein tiie fiber is configured to be a 
Sbet laser. 

69. nie system of any of claims 53-67, wherein the fiber is configured to be a 
fiber ampUfiier. 

70. A fiber laser system, comprising: 

an energy source capable of emitting energy at apump wavelength; and 

a fiber, comprising: . 

an optical fiber having a first section and a second section spliced 
to the first section, the first section having a gain medium including a first active material 
and the second section having a gain medium including a second active material different 

than the first active material; 

a first reflector disposed in the first section of the optical fiber, the 
first reflector being configured to reflect substantially aU energy impinging dieieon at a 
first wavelength; 

a second reflector disposed in the second section of the opUcal 
fiber, the second reflector being configured to reflect substantially all energy impinging 

thweon at the first wavelength; 

a third reflector disposed in the second section of the optical fiber, 

the third reflector being configured to partially reflect energy impinging thereon at a 
second wavelength difBsrent than the first wavelength; and 

a fourth reflector disposed in the second section of the optical fiber 
and between the first and third reflectors, the fourth reflector being configured to reflect 
substantially all energy impinging thereon at the second wavelength 

wherein the energy source and the optical fiber are configured so that energy at 
thepump wavelength emittedby the energy sourcecan be coupled into the optical fiber. 

71. The system of claim 64. wherein the energy source comprises a laser. 
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• 72. The system of claim 65, wherem the energy source is capable of lasing at 
the pump wavelength. 

73. The system of any of claims 70-72, wherein the fiber is configured to be a. 
fiber laser. 

74. The system of any of claims 70-72, wherein the fiber is configured to be a 
fiber amplifier. 

• 75. A fiber, comprising: ^ 

an optical fiber having N sections, the N sections bemg coupled together.- 
at least one of the N sections of the optical fiber havmg a gain medium with an active 
material; and 

a pluraUty of reflectors disposed in the optical fiber, 

• wherein N is an integer having a value of at least three. . 

76. The fiber ofdaim 75, wherein N is three. 

77. The fiber of claim 75, wherem N is four. 

78. The fiber ofclaim 75, wherein N is five. 

79. The fiber ofclaim 75, wherein N is six. 

80. The fiber ofclaim 75, wherein at least two of the N sections of the optical 
fiber have a gain medium wifli an active material. 

81. The fiber ofclaim 80, wherein the active material in one of the at least two 
of the N sections of the optical fiber is different than an afctive material of another of the 
N sections of the optical fiber having a gain medium. 
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82. The fiber of claim 75, wherein each of the N sections of the optical fiber 
have a gain medium with an active material. 

83. The fiber of claim 75, wherein the optical fiber has a first section with an 
end configured to receive energy at a wavelength V the first section of the optical fiber 
having a first reflector disposed therein, the first reflector being configure<Ho reflect^ 
substantially all energy impinging thereon at a wavelength X,,, where X^t*'- V' -^t'*. 
(cA,0 is the Raman Stokes shift fiequency for an active material in a gain medium in the 
first section of tiie optical fiber, and c is th?,speed of light. 

84. Thefiberofclaim83,whereintheopticalfiberhas.anN*sectionwitiian . 
end oppodte tiie end of the first section, the section of flie optical fiber havmg a first 
reflector disposed therein, tiie fnst reflector being configured to reflect snbstantiaUy aU 
energy impinging thereon at a wavelength Xs,„. where X„„-'= X^un-i)"' - 

&e Raman Stokes shift frequency for an active material in a gain medium in tiie 
section of the optical fiber. 

85. The fiber of claim 84, wherein the N* section of tiie optical fiber has a 
second reflector disposed tiierein, tt»e second reflector being configured to partially 
reflect energy impinging tiiereon at tiie wavelengtii X,i„. 

86 The fiber of claim 85, wherein tiie N* section of tiie optical fiber has a 
thirdreflector disposed tiierein. tiie third reflector being configured to reflect substantial^ 

all energy impinging tiiereon at tiie wavelengtii X^Hn-i), where A„(„-,)-' - ^i(n-2)"' - • 
and (cA^n..)) is the Raman Stokes shift frequency for tiie active material in tiie (N-l) 
section of the fiber. 

87. nie fiber of claim 86, wherein each of tiie remaining sections of tiie 
optical fiber has two reflectors disposed tiierein. one of the reflectors disposed in each of 
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the remaining sections of the optical fiber being configured go reflect substantially all 
energy impinging thereon at a wavelength Xs\m >^ere Xjim'* = Xsunvi)'' • Kn'K ^i(nvi), and 
(cAtm) is the Raman Stokes shift fi-equency for an active material m the section of the 
fiber. 

88. The fiber of claim 87, wherein the other of flie reflectors disposed in each 
of the remaining sections of the optical fiber is configured to reflect substantially all 
energy impinging thereon at a wavelength Xsi(m.i), where Xsi(m.i)"^ = ^i(ni.2)"^ - ^m-i) ^ 
(cA,(m-i)) is the Raman Stok^ shift firequency for an active material in an immediately 
preceding section of the optical fiber. . . 

89. The fiber of claim 88, wherem each of the remainmg sections of the 
optical fiber has two reflectors disposed therein, one of the reflectors disposed in each of 
the remaining sections of the optical fiber being configured go reflect substantially all 
energy impinging thereon at a wavelength Xsim, where Xs\m^ = ^i(m-i}"* - Xsi(m-i), and 
(cAtnO is the Raman Stokes shift firequency for an active material in the section of the 
Gbcc. 

90. The fiber of claim 89, wherein the other of the reflectors disposed in each 
of the remaining ^sections of the optical fiber is configured to reflect substantially all 
energy impingii^ thereon at a wavelength Xsi(m-i> where X«i{m-!)"' = ^i(in.2)'' - 'K{m-\) > and 
(cfK^m-i)) is the Raman Stokes shift fi^uency for an active mataial in an immediately 
preceding section of the optical fiber. 

9L The fiber of any of claims 75-90, wherein the fiber is configured to be a . 
fiber laser. 

92- The fiber of any of claims 75-90, wherein the fiber is configured to be a 
fiber amplifier. 
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93. A fiber system, comprising: 
an energy source; and 

a fiber, comprising: 

an optical fiber having N sections, the N sections being coupled together, 
at least one of the N sections of the optical fiber having a gain medium with an active 
material; and 

a plurality of reflectors disposed in the optical fiber, 
wherein N is an integer having a value of at least three, and the energy source and 
the optical fiber are configured so that energy at a wavelength emitted by the energy 
source can be coupled into the optical fiber, 

94. The system of claim 93, wherein the fiber is configured to be a fiber laser. 

95. The system of claim 93, wherein the fiber is configured to be a fiber 
amplifier. ' ■ 

96. A fiber laser, comprising: 

an optical fiber having at least first and second sections coupled together, 
the first section having a first gain medium with a first active material, the second section 
having a second gain medium witti a second active material, the optical fiber being 
configured to be capable of receiving energy at a first wavelength and to be capable of 
ou^utting energy at a second wavelength longer than the first wavelength; and 

a plurality of reflectors disposed in the optical fiber, the plurality of optical 
fibers being configured so that energy propagating in the optical fiber at the first 
wavelength undergoes at least one Raman Stokes shift to create energy in the optical fiber 
at the second wavelength, and so that, when the optical fiber receives energy at the first 
energy, a power putput by tiie optical fiber at the second wavelengfli is at least about 55% 
of a power of die emergy flie optical fiber receives at fliat first wavelengfli. 
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97. The fiber laser of claim 96, wherein the first active material is the same as 
the second active material. 

98. The fiber laser of claim 96, wherein the first active material is different 
than the second active material. 

99. The fiber laser of claim 96, wherein energy propagating in the optical fiber 
at the first wavelength undergoes at least two Raman Stokes shifts to create energy in the • 
optical Sb&c at the second wavelraigth. 

100. The fiber laser of claim 96, wherein, when the optical fiber receives 
energy at the first energy, a power output by the optical fiber at wavelengths otter than 
the first and second wavelengths is at most about 45% of the power of the energy the 
optical fiber receives at that first wavelragth. 

101. The fiber laser of claim 96, wherdn the first and second sections are 
directly coupled together. 

102. The fiber laser ofclaim 96; wherein the first and second sections are •- 
spliced togedier. 

103. The fiber laser ofclaim 96, wherein energy propagating in the optical fiber 
at the first wavelengfliundergoesaRaman Stokes shift based interaction with the active 

material contained in the gain medium of the first section of the optical fiber to form 
energy at a first intermediate wavelength, and energy at the first intermediate wavelength 
undergoes a Rman Stokes shift-based on interaction with the active material contamed m 
the gain medium of the second section of the optical fiber to form a second intermediate 
•wavelength. 
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104. The fiber laser of claim 103. wherein the second intermediate wavelength 
is the same as the second wavelength. 

105 The fiber laser of claim 103. wherein energy propagating in the optical . 
fiber at the second intermediate wavelengthundergpesadditiond Raman Sto^^ 

form energy at the second wavelength. 

106. An article, comprising: 

" an optical fiber having multiple sections, with at least two of the multiple 
sections having gain media containing diff^t active materials. 

107. Hie article of claim 106, wherein the optical fiber is configured as a fiber 
amplifier. 

■ . 108. Il.earticleofclaiml06,whereintheopticalfiberisconfiguredasafiber 
laser. 



109. A system, comprising: , j 

an energy source capable of emitting energy at a pump wavelengfli; and 

a fiber amplifier, comprising: 

an optical flber havtog a secUon and a s«ond secdon coupled «. ^ 
„,«^«»-«gya««.and*ccpticalflbe.a.c»nflg„^soU^»e,^- 

«,,p™p«.vd«*h«u««.by«»*«8y»>--'«--'=^'^'^°^^*"- 

.. ,10. Th.s,s.omofcldm.l09,wl«einU.efi«.«dv.ma«ri.lisa.csamcas 
the second active material. 
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111. The system ofclaim 110, wherein the first active material is different than 
the second active material. 

1 12. The system ofclaim 1 10, wherein the energy source comprises a laser. 

113. The system of claim 112, wherein the energy sources is capable of lasing 
at the first wavelength. 

.114. A fiber anqjlifier, comprising: 

an optical fiber having N sections, the N sections being coupled together, 
at least one of the N sections of the optical fiber having a gain medium with an active 
material, 

wherein N is an integer having a value of at least three. 
115. The fiber amplifier ofclaim 1 14, wfhereinN is three. 
116, The fiber amplifier of claim 114, wherein N is four. 

1 17. The fiber amplifier ofclaim 1 14, wherein N is five. 

118. The fiber amplifier ofclaim 1 14, wherein N is six. 

119. The fiber amplifier ofclaim 114, wherein at least two oftheN sections of 
the optical fiber have a gain medium with an active material. 

120. The fiber amplifier ofclaim 119, wherein the active material in one of the 
at least two of theN sections of the optical fiber is different than an active material of 
another of flie N sections of the optical fiber having a gain medium. • 
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121 . The fiber amplifier of claim 1 14, wherein each of the N sections of the 
optical fiber have a gain medium with an active material. 
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